
4.5 PSP Cover Sheet (Attach to the front of each proposal)

y~:     (SLO) 642-742S ........

~ounl of funding requested: $ 104,024 total for     ~ye~ (Direct COSTS)
~ $149,429 with 50.4~ indirect (Federal) $113,033 ~ith I0~ (State

Indicate the Topic for which you are applying (check only one box).

~ F~sh Pa~ag¢~ish Screens ~ la~ced Sp~ies
~ Habitat Restoration ~ Fish M~agem~alch~
~ Local Watemhed Stewa~bip ~ Envirom~ml
~ Water Quality

Does the proposal address a specifi~ Focused Action? ~ ~sx no

Indleme the g~o~rapbic area of your proposal (check only one box):
~ Sac~menlo River Mainstem ~ East Side
~ Sacramento Trib: ~ Suisun Marsh and Bay
~ San Joaquin Riv~ Mamstem ~ N~h Bay/South Bay:.
~ San Joaquin Trib: ~ Landscape (entire Bay-Delta watershed)
~ Delta: ~

Indicate the prima~ species which the proposal addresses (check all ~at apply):
o San Joaquin and Easl-side Delta tributaries fa!l-mn o~nook salmon
~ Winter-~n chinook salmon ~ Spfing-~ ¢~ook salmon
~ Late-fall ~nchinook salmon ~ Fall-~n chinQok sa~on
~ ~lta smelt ~ Longfin ~elt
~ Splittail o Stee~d t~ut
~ Green sturgeon ~ S~p*dbass
~ Mi~ato~ birds ~ All chinook species

Speci~ tim E~ ~trategic obj~tWe and target (s) tha~ the project addresses, Include page
numbe~ from Janua~ 1999 version of E~ Volume I and H:

I --01 9707
1-019707



Title Page

Title of Project: Assessment of Distribution. Abundance, and Ecological and Economic Impacts
of the Chinese mitten crab, Eriochetr sinensis, in the San Francisco Bay-San Joaquin Delta
ecosystem, with special reference to South San Francisco Bay.

Primary Contact information:

Name: Vincent H. Resh
Address: 201 Wellman Hall

Division of Insect Biology
College of Natural Resources
University of California
Berkeley, CA 94720

Phone: (510)642-3763
FAX: (510)642-742g
Emal~: vresh(~nattrc=.bcrkcI~v.~du

Participants and Collaborators:

Vincent gesh, Principal Investigator, University of California at Berkeley
Deborah Rudniek, University of California at Berkeley
Leah Rogers, University of California at Berkeley
The Marine Science Institute, Redwood City, CA

Type of Organization and T~ Status:

University of California: Public University, 501(e)3 T~x Status Identification

Tax Identification Number: 94-6002123

I --019708
1-019708



Executive Summary:

The Chinese mitten crab (Eriocheir sinensis H. Mime Edwards) is a recent arrival to the Bay and
Delta ecosystem, and its astablishment has generated widespread attention. This eatadramons
crab has already spread over several hundred square miles throughout the freshwater and
astuarine ecusystems of the Bay and Delta (Attachment 1 ). In eountrias in which it hus
established, including much of Europe, the mitten crab is known to have dramatic ecological and
economic effects (Panning 1938, Clark 1998). These effects range from erosion and enllapse of
banks and levees due to the crab’s busrowing activities, to interference with commercial fisheries
due to net damage and possible predation on and competition with harvested species and other
aquatic species. The Chinese mitten crab is known in its native range in Asia to carry a
debilitatinghurnanperasite, thelungfiukeParagonimuswestermanii. Mech of the ecology and
impacts of this crab are largely unknown for the crab in its new range here in the Bay and Delta.
As a new arrival in its early stages of invasion, with potentially devastating ecological and
economic impacts, the Chinese mitten crab merits immediate research attention.

This research proposal addresses the ecology and impacts of the Chinese mitten v-Tab ia
the San Francisco Bay-Delta ecosystem. This proposal has four goals: 1) monitor the abtmdanee
and distribution of the mitten crab, 2) defrae habitat preferences end quantify impacts on levees
and banks, 3) using field and laboratory methods, evaluate the impacts of the mitten crab on
commercially valuable invertebrate species, 4) research the role of the mitten crab in the food
web, emphasizing impacts to endangered and commercially valuable species. This project will
take a multi-leveI ecological and economic approach in order to quantitatively assess the ecology
and impacts of this species in the Bay-Delta ecosystem.
The primary field site for this proposal is the estuary of the South Bay and its major tributaries
(Attachment 2). We wilt establish five core field sites and fit~esn additional field sites along
these major tributaries in order to monitor mitten crab seasonal pattera~ in abundance,
distribution and migration, habitat preferences and areas where the threat to bank and levee
integrity frora crab burrowing activities will be the highest. We will analyze addifional data
from trawl data collected by the Marine Science Institute (MS1), a non-profit education and
resenreh organization that conducts continuous year-round trawls of the South Bay, in order to
compare freshwater population dynamics of the mittan crab with dynamics in the Bay.

Field enclosures will be used to examine corapetitive interaefious between mitten crabs
~ld two species of crayfish, Proeambarva clarMi and Pacifastacus leniusculvs. Procambarus
eommordy occurs with mitten crabs in the South Bay, and Padfastacus is a valuable commercial
crayfish species in the Dalm. Surveys of the crayfish and shrimp induslJ’ias of oorthern California
will be conducted in order to assess eatoh damage attributable to the mitten crab on these
industries. Laboratory experiments conducted at the campus of the University of California at
Berkeley will examine the competitive interactions of mitten crabs with crayfish species. We
will conduct behavioral experiments at multiple life stage~ of each species to examine

¯ interspecific competition for dominance, food and shelter.
Feeding preference laboratory experimeats will be conducted in order to assess the role

of the mitten crab in Bay-Delta food webs. Crabs will be presented with food choieas including
detritus, shrimp, vegetation and aquatic insects. We will introduce the live shrimp Palaernonetes
paludosus in feeding studies in order to assess whether populations of commercially valuable
shrimp such as Palaemon and Crangon, as well as the endangered freshwater slarirap, Syncaris,
are impacted by the mitten crab. We will also conduct gut content analysis of crabs collected
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from south bay h’ibutaries and Sonoma Creek to look for dietary preferences and determine
changes in mitten crab diets with development.

The principal investigator for this project has over 25 years of expedenco in the
field of aquatlc ecology (Attachment 3). He will he nss[sted by a graduate student researoher
with significant experience in the field of ecology and natural resource management. The
applicants’ proposal is supported by several agencies and organizations, including the Santa
Clara Valley Water District and MSI. Research efforts will be coordinated with the efforts of
MSI and with the research objectives and efforts ofmerabers of the interagency Ecological
Project’s Chinese mit~n crab workgroup, a workgroup in which our laboratory participates.

The proposed raseareh is compatible with several CALFED goals and objectives. In line
with CALFED’s mission to create a plan t~ restore the ecological health of the Bay-Delta
ecosystem, this research will provide high-quality, quantitative research vital to understanding of
the role of the Chinese mitten crab in the health of the Bay-Delta ecosystem. This research will
provide the comprehensive monitoring, indlcatot development and directed research that are
called for in pages 6-11 of the Ecosystem Restoration plan (ERP). The ERP, Volume I, states
the need for development of a comprehensive monitoring, assessment and research program
(CMARP). This proposal creates a comprehensive program that addresses the respo, nse of the
Bay-Dalla ecosystem to disturbance at multiple spatial and temporal scales. The CMARP
directive emphasizes the currant fragmantary nature of existiag monitoring and research and
calls for a comprehensive and integrated approach to tlds researob. We have dose connections
throughout government aganoies, non-profit organizations and indusuSes that will allow us to
disseminate, communicate, and receive feedback on our project to make this work as integrated
with and appropriate to research and management needs as possible.

This proposal meets several, sttategie objectives definad in the EP,.P. The proposal
addresses the needs identified in the ERP to specifically research the interaction of the Chinese
mitten crab with the commercially-valuable signal orayfish and grass shrimp, identified by the
ERP as species targeted for maintenance and enhancement. Research will also establish impact
of the mitten crab on the California freshwater shrimp, identified by the EILP ns a priority species
for population recove~ and management. TI~ proposal also answers the goals stated in the
EKP and detailed in the draft Nnn-hadigenous Species Management Plan to identify, delineate
and understand the mechanisms of impact of invasive species.

As ndtten crab populations spread, more and more habitats and species will be affected.
Accelerated bank erosion is already visually evident among sloughs in the South Bay (I--!alat
1996). Governmertt fish facilities are already heavily affected by large numbers of rnitter~ orabs
clogging facility intakes (Scott Sigfreid, pers. comm.) The damage ~om mitten crabs is clearly
begim~ag. The more knowledge we have about the mitten erob, th~ better prepared we will be to
make informed decisions about its management. This proposal presents a mtique opportunity to
begin early in the process of establishment of this species to quantitatively assess the ecological
and economic impacts of the Chinese mitten crab and contribute meaningfully to our knowledge
about the health of the Bay-Delta ecosystem.
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Project Description

Proposed Scope of Work:

The proposed program will use experimental field and laboratory studies, combirmd with
continuous monitoring data, to examine the biology, population dynamics and impacts era
recently introduced species, the Chinese mitten crab (Eriocheir sinensis H. Miine Edwards) on
freshwater and astuadne habitats of the San Francisco Bay-Delta ecosystem.

By investigating the mitten crab’s ecology and impects, we will quantitatively addreas
role of this new species in the San Francisco Bay-Della ecosystem. This project has fottr goals:
l) monitor the abundance and distribution of the mitten crab throughout southern San Francisco
Bay and its tributaries, 2) define habitat preferences and quantify impacts on levees end banks, 3)
using field and laboratory methods, explore the impacts of the mitten crab on commercially
valuable invertebrate species, 4) research the role of the mitten crab in the food web,
emphasizing impacts to endangered and commercially valuable species. This rasearch plx~posal
will begin July 1999, end will be completed in the sprln~ of 2002. Please see the attached
quarterly task schedule (Attachment 4) for a speci_,qe breakdown of research and oversight tasks.

1) Monitor abundance and distrbutiun of the Chinese mitten crab:
We will monitor abundance and distrbution in order to gather information about the

d~o~pulatio~s, habitat preferences and ~fthe mitten crab. We will
collect field data to assess the densities and distribution of mitten crabs in South San Francisco
Bay. Sex ratios and mean size be monitored in order to examine popalatiun sex and age
dynamics. A sample of crabs will be collected for gut content analysis (see discussion below).
Monthly data of average burrow densities and burrow entrance diameters will be collected from
three separate five meter transects of bank at five sites in South San Frenciseo Bay within
gradients of similar salinity and tidal influence. Two sites will be along Alviso Slough, one on
Stevens Creek, and two un Guadalupe Slough (Attachment 2). We will choose fii~een additional
sites thxoughunt the South Bay based on this survey and we will conduct quarterly data
collection at these sites in order to document trends in abundance and distrribution of mitten crabs
throughout the Santa Clara Valley watershed.

In order to define the overall spread of the mitten crab throughout the South Bay, we will
conduct a yearly census of the presence of mitten crabs along the length of four major tributaries:
Stevens Creek, Ouadalupe Slough and its tdbulary San Thomas Aquino Creek, Alvise Slough
and its tdbuta~ the Guadalupe River, and Coyote Creek¯ We have gained permission for access
to all sites from the Santa Clara Water Valley District. We will coordinate with and aid in the
execution of already-established yearly South Bay mitten emb censuses conducted by Marine
Science institute (MSI) voluateers. We will use census and monitoring data in coordination with
the physical and biological data described below to create peptdation dynamics models using
modeling programs including STELLA and MATLAB.

We will also analyze continuous trawl data fi’om MSI in order te determine migration
patterns from tributaries into the South Bay. We have quantified traw! data ofmimm crab size,
sex end fertility by 1000m2 trawl grids from 1996 to the present. We will contiuno to qusatify
this data over the duration of this project. Data will be analyzed to examine sex ratios, fertility
rates and timing of migration and reFroduetion.
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2) Quantify habitat associations and impacts to banks and levees:
During monitoring activities, we will collect physical and biological habitat data in order

to quantify habitat preferences of the mitten crab. We will collect substrata, bank angle,
vegetation, salinity and dissolved oxygen data at the monitoring sites on a moatldy basis using
standard aquatic instrumentation. Major streamside vegetation types will be identified using keys
for local and regional vegetation. We will quantify bank damage attributable to mitten crabs in
order to assess the extent of bank erosion and damage due to burrowing activities. Bank
slumping and erosion at these sites will be quantified by measuring bank recession and
depression in burrowed areas relative to average bank height and slope in adjacent non-affected
areas. We will quantify sediment removal from burrovAng by calculating average burrow volume
and density from five meter transects.

3) Impacts of the Chinese mitten crab on commercially-valuable species: freshwater crayfish and
grass shrimp populations:

Our observations suggest a competitive domimance by mitten crabs over crayfish for
shelter. Field observations have indicated negative interactions between mitten crabs and the
signal crayfish, Pacifastaeus leniusculus ~ Halat, pars, comm., T Dudley, pars. comm.).
Controlled behavioral experiments will take place at the University of California at Berkeley to
examine enmpatitian for shelter, food and domionnee between the Chinese mitten crab and P
leniusculus. A series of freshwater aquaria will be used, in a controlled climate laboratory.
Source populations will include cornmeroially-harvasted P leniusculus and mitten crabs
harvested from South Bay sloughs and from the USBR Traey fish facility (Scott Sigfi’eid, pars.
comm.). Mitten crabs and crayfish will be used to test vulnerability anti aggression of each
spacies to the other. Fifteen same-sex pair interactions of the two species in each combination of
life stage:juvenile-adult, adult-adult, adult-juvenile, will be enndueted. Methods established by
Soderback (1990) and Bovbjerg (1970) will be used. Shelters will be introduced in 5 additional
paired interactions to examine interspacific shelter eompetitien. Control tanks with one
individual of each species in their own aquaria will establish shelter use and preference in the
ab~ance of competitors (based on the methods of Blank and Figler 1996).

Field enclosure experiments VAIl measure the effects of mitten crabs on growth rates of
arayfish species. As P leniuscutus is not found in the tidal shmanels of the South Bay, only the
crayfish Procambarua clarkii will be used for field enclosures in the South Bay. P leniusculus
will be used for tidal Delta channels. Exact sites for field ertelusures will be determined hased on
ennsultation with the Santa Clam Water Valley District in the South and with the Department of
Fish and Game in the Delta to determine sites with physienl consistency and low visibility to
reduce potential vandalism. At this time a county siting for Delta efielosures has not bean
determined, but county o~eials will be contacted prier to making this decision. Eanh traamaent
will be run for a period of three months. Three treatments will be used: crabs alone, crayfish
alone, and crabs and crayfish together. Enclosures will be conducted of nylon mesh buried and
weighted into the substrata and supported with rebas. Enalosuras will be envered by mesh to
prevent predation by mammals and birds.

Growth measurements of crabs and crayfish will be taken every two weeks. At each
experimental site, crayfish outside of the enclosures vail be eapt~.~ed, sagged, marked and
measuredfor a mark-reeapture study to look at growth of wild populations. Mitten crabs outside
enclosures will not be marked because recapmra of diese migrating, quick-moving crabs is very
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difficult. This experimental design is based on scale and sampling considerations analyzed in a
study of crayfish interactions conducted by Femiuella and Rash (1989).

We will work with commercial fisheries to determine impacts of the mitten crab on
commercial harvests. We have sam out an initial survey to crayfish fishermen to nssess number~
of crabs caught in crayfish traps, evidence of predation or negative interaction with crayfish, and
perceptions of effects on harvest. We will continue to conduct these surveys over tl~ next three
years. [n addition, we propose to begin a quantitative survey of the Bay shrimping industry.
Using the protocol designed for our crayfish indust~’y survey, we will develop a survey to
distribute throughout the shrimping industry to assess catches of mitten crabs in shrimp nets and
effects on damage to shrimp harvest.

4) Chinese mitten crab dietary preferences and food web impacts:
From initial lab work and literat~e, we know that mitten crabs are generally omnivorous

with some shift towards caralvory with age. No work has been done so far, however, to quantify
the role of the mitten crab in Bay and Delta food webs. We will use laboratory experiments in
order to determine what impacts the mitren crabs are having on local food webs. Mitten crabs
will be obtained from Sonoma Creek and from South Bay streams. A sample of crabs from beth
South Bay monitoring stations and Sonoma Creek will be preserved with 70°4 ethanol and
mmsperted back to the laboratory for gut analysis. Eanh crab will be weighed, measured
sexed prior to preservation. Upon dissect~un, a visua!, fullness estimate will be taken (Stelflik
1993) and gut contents will be preserved mad dissected (following the methods deserilx:d by
Hyslop [ 980 and Stevens et al. 1982). When discerning gut contents, the ingested, food will be
identified to the lowest taxonomic level possible. Data will be analyzed for both juvmdle and
adult crabs using multivariate statistics.

Crabs will be transported live to the laboratory and placed in individual ranks for feeding
preference studies. Crabs will be starved for three days prior to the expe.riment attd then offered a
choice of two food types. Four types of food will be offered: ~ive freshwater ~-’imp, detritus,
freshwater vegetation, and aquatic insects. Detritus, vegetation and other aquatic protein sources
used for the feeding study will be collected directly from crab collection sites. The shrimp used
in the s~dy are Palaemonerespaludosus, a freshwater shrimp similar in morphology and biology
to the endangered Cahfomia freshwater shrimp, Syncarispacifica, and readily available by mail
order. These experiments will additionally test for evidence of predation on the types of shrimp
commercially harvested in the Bay (Crangon and Palaemon). Food will be weighed prior to
placement in the tank and left in the tank for 24 hours. Remaining food will be removed and
weighed. Tan.ks with the same amount of food, in the same combinations, but vAthout crabs will
be used to control for autogenic changes in the food (P.oa 1992). P, esults from the feeding
preference experiments will be analyzed using procedures suggested by Peteraon and Runaud
(1989) and P, oa (1992). Three hundred crabs for each gut analysis study (600 total) and over 45
crabs for each feeding preference study (90 total) will be analyzed in this experiment.

Loeatious:
The majority of the field work for this project will conducted in Santa Clam County, with
additional data collection in Sonoma County and one or more counties within the San .loaquin-
Sanmmento Delta (see discussion above). Please see Attanhment 2 for the locations of the
primary field work for this proposal. All laboratory work will be conducted on the eampns of the
University of California at BerkeIey.
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Biological/]ganlo gle~| Context:

The primary ecological and biological objectives for this project are:

¯ To elucidate the biology of the Chinese mitten crab in its new enx4ronment, with specific

life history, migration, population dynamics and habitat and food preferences.

¯ To quantitatively assess the impact of the Chinese mitten crab over spatial scales ranging
f~om populations to ecosystems, with specific refarence to:

bank stability as a factor in x~padan and levee integrity, trophic dynamics of the
Bay/Delta ecosystem, and commercially valuable species (signal crayfish Pacifastacus
leniuaculus, grass shrimp Urangon, Palaemon) and threatened and endangered species(
California freshwater shrimp b’yncarus).

The Chinese mitten crab is the primary stressor under investigation in this proposal, and
the watershed of the Bay-Delta ecosystem, with particular tolerance to the tributaries and
estuaries of the South Bay, is the primary habitat that is the focus of this study. The central
hypothesis of our research is that, since it~ in~oduction into the Bay a~d Delta, the Chinese
mitten crab is causing changes and stresses at m~ltiple levels of the ecology and economy of the
Bl~y-Delta ecosystom. The primary objectivas defined above d~scribe the spenifie
meaanremeats we propose to take in order to quantitatively test tiffs hypothesis. This proposal
emphasizes an ecosystem-based approach by choosing multiple, interrelated scales at which to
measure ecological impacts.

Qualitative research about the dis~’iburion of the mitten crab is available through public
reports (Veldhulzen and Heib 1998, Cohen and Carlton 1997), The Department of Fish and
Game and othez entities have begun tracking the dis~bution of the C~6nase mitten crab
throughout the Sulsun Marsh/San loaquin Delta ~en (Holmes & Osmundstm 1998). Less
attention has been paid, however, to the distribution of the crab throughout the South Bay, even
though the potential for impacts from burrowing is probably highest in tkis a~a (K Filch, pets."
comm.). Very little quantitative in.formation is known or has been published regarding the
ecology and impacts of the crab in its new environment in the Bay-DeLla ecosystem. Our
research will provide quantitative information about the process of invasion and establishment of
the Chinese mitten crab. Tlxis research will provide crtmial ecological and economic information
to researchers, managers and policy’makers that will help these professionals make informed
decisions regarding the management and control nf this species.

We have monitored the abundance and distribution of mittan crab populations in South
San Francisco Bay from 1995 through 1997 under a grant from the Water Resouzees Center.

The [995 grant has concluded, but our need to continue ~ trac[-gi~3~’ffdaTnce and distribution
of tiffs population has not. Continuing abundance and distribution data is greatly needed to
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understand the habitat preferences, growth end spread of this species as well as identif~ areas at
higher risks of impact by the mitten crab. The opportunity to continue to.add to the ~ years
of data that we have already collected will help to build an excellent long-term data set for
modeling end establishing the population dynamics of this species. Piint laboratory studies of
crab-crayfish interactions and crayfish industry surveys conducted under this initial grant have
identified a need for further quantitative study of the impacts ofmit[en crabs on this
c ommaralally-valunble species.

CALFED’s mission is to develop a long-term, comprehensive plan that will resturo the
eculogical health of the Bay-Delta ecosystem (CALFED ERP page I). This proposal meets that
mission by quantifying the effects of the Chinese mitten crab on the Bay-Delta ecosystem and
will provide the foundation for informed decisions regarding the management and control of this
invasive species. This proposal closely aligns with the implementation strategy [aid out in pages
6 - l I of the Ecosystem Restoration Program Plan (ERP) Volume [. Specifically, this proposal
follows tho protocols defined by the ERP, including Indicators (e.g.: extent of erosion in banks
due to mitten crab burrowing activities), Compreb.cnsive Mohituring (e.g.: measuring the change
in status of bank erosion over time throughout the South Bay) end Directed Research (e.g.:
cxporimonts to determine the interactions of mitten crabs with signal crayfish), The data
eolle~ed by this ~seamh will be ns~d as a basis for modeling the population dynamics of
invasive species with specific reference to impacts on the Bay and Delta, a method described in
step B of ERP implcmentatinn steps, page 7: creating conceptual models to describe the Bay-
Delta ecosystem.

The ERP (Voll) describes the challenges of a comprehensive monitoring, assessment end
research program (CMARP). In particular, this document describes the difficulties of the
fragmentary nature of existing r¢search, and the need for a coherent, overall picture of
monitoring, environmental responses over large spatial scales, and how monitoring data can be
used by decision makers (page 8). This proposal aims to create a comprehensive monitoring end
research program that addresses the response of the Bay-Deha ecosystem to disturbance at
arultiple spatial end temporal scales. Our labora~uut~or~er~ eTo~ly with commercial fisharies.~
government agencies at local~ state and federal levels, and non-profit educatio_nal and research

"-’I~-----3T-fl:i~’Chinese ~’~en crab. We consider one of the highest priorities of this research to be
its integration with current efforts to monitor the Chinese mitten crab and other invasive species
in the Bay-Delta ecosystem. We will focus our efforts tu ensure that the information genm’ated
by this research is expertly communicated to resource managers and decision makers. This
proposal answers.the concerns oft,he CMARP and meets the six goals of the applied resenroh
program to understand, provide monitoring protocols, test causal relationships in the
environment, reduce uncertainty, provide acadendc research and re~.se conceptual models in
light of new information (page 9).

This proposal also meets several strategic objectives outlined by the ERP. Tiffs project
provides the research necessary for making informed decisions about maintaining and enhancing
populations of selected species for sustaineblo and commercial end recreational harvest,
specifically in reference to two second-priority species: the signal crayfish and grass shrimp
(page 394). This proposal answers the specific request of the ERP to "determine the interaction
and potential effects between miuen crabs and signal crayfish on both the commorcial and
recreational fisheries" (page 415) and to "determine the interactions end potential effects
between mit~n crabs and grass shrimp on the commercial fishery" (page 418). This research
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will help quantify the impact of the Chinese mitten crab on the California freshwater shrimp,
idemified by the ERP as a priority species for popniation recovery and malmenanee (Vol II page
39).

A major goal of the ERP is to address the role of invasive species in the Bay-Delta
ecosystem. This proposM responds to the oppommity defined in the ERP section on invasive
species to "develop a better understanding of how non-native species affect ecological processes
and biological interactions" (Vol [ page 462). This research will provide a basis for making
informed decisions as described under Objective 7 of the aquatic invasive organisms section of
the ERP to develop focused control efforts on those introduced species where control is most
feasible and of greatest benefit (page 467). The Chinese mit~an crab is specifically idantified for
further research and management in the Non-indigenous Invasive Species Strategic Management
Plan (Dec 1998 Draft). This plan recognizes that "ecosystems infested with NIS are not
consistenfly identified and delineated" (Page 17). The monitoring proposed here specifically
addresses this need. This proposal answers the NIS plan’s call to "understand the mechanisms by
which the species disrupts the natural balance of the ecosystem... [and] assess the ecological
[and] socio--economic.., impacts of’NIS in terms that are meaningful to decision makers and the
general public" (page 30).

System-wide ecosystem benefits:

The products of this research vail be benefi~’tal to a system-wide understanding of the
impacts of the Chinese mitten crab in the Bay and Delta. Modeling, analysis and dissemination
of this research vaIl provide the tools t’or understanding and managing this species over the entire
ecosystem. The quantification of economic and ecological system impacts can be applied to
other systems as well, in applications ranging from determining ecosystems at high risk of
invasion and astablishmunt by this species, to providing models for ¢conoimc impacts by
invasive species applicable to a vddc variety of economies.

Comnatibilitv with non-ecosystem obiectives:

This proposal spcciftcally addresses the CALFED objective of "providing long-term
protection for multiple Delta resources by malntahting and improving the integrity of’the Delta
levee system" (Levee Protection Program Plan, February 1999 Draft, page 1-5). The burrovAng
habits of the Chinese mitten crab have been shown to cause severe damage to levees and eaten
banks (Panning1938). This threat has been recognized by California resource agencies
(Veldhuizen and Heib 1998). The goal of th~s proposal to research the extem of burrowing and
relate these activities to physical and biological site characteristics will provide important risk
in~Cormaticn for the South Bay as well as for chmmelized and natmal riparian ecosystems
throughout the Bay and Delta.
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Technlea! Feasibility and Tim~g:

The components of this r~search program were chosen on the basis of what were via, red as high-
priority areas of mseaseh regarding the ecology and impacts of the Chinese mitten crab, on the
expertise of our inb, and on the existence of our recent mitten crab project providing baseline
data for fro-thor investigation. The principal investigator is an expert in the field ofinvertghrate
and aquatic ecology (Attachment 3), .The~p "~ai inv~sti ator and his students hay ex e~ise
in the fie.[d of be " ecolo    ’ ouftodl~g~_n3a.r~hholg~,v and_.~taxf        ulation and
co_mmumty ecology, resource ecoa~aic.Land~Lrve m~s.~aese s~_j~Al,s.~e_~ppropdate for

~_e projecks outlined in this proposal. We investigated alternative areas of study for this project,"nc~~mhten crabs, effects on agricultural crops, and damage to fish
populations at fish collection facilities. While many of these effects me important and merit
study, we are aware through involvemctu with the IEP Chinese mitten crab workgroup that other
agencies and institutions are already addressing man)’ of these areas of rasearch. We thns chose
the combination of research methods and questions that w~ felt were most in need of attention
and that best fit the expertise we coald bring to the research.

We have notified all counties and agencies directly affected by tho proposed research
(Attachment :5). The Santa Clara Valley Water Dis~¢t has agreed to provide sito aceass, and the
principle investigator is in the process of supplying tbe necessary insurenc¢ and permit
documents to tho District in order to fon-aalize this agreemant. The principle investigator, his
st~lents and the University of California hold the proper federal and state pemdts for co|leclian
and retention of Chinese mitten crabs (Attachmetu 6).

All field research has been chosen based on information in the scientific litcratuse in
addition to personal observation and research that has delineated the appmpriare methods and
timing for field work. The principal investigator has the appropriate laboratory space and
eqnipm~t to provide the correct conditions for behavioral and trophic experiments. Our
laboratory has thc appropriate soRwar¢ (modeling programs including Excel and STELLA, GIS
programs including AroViow) to properly collect and analyze data.

We do not expect that any regulations such as zoning or county plarming ordinances will
interfere or be incompatible with the objectives of this proposal.

Monitoring and Data Collection Mathodo[ogy:

Because data collection and monitoring a.re primari emphases of this proposal, we have
described these processes in detail in the body of the project description. We have also included
detailed information in Table 2: Monitoring and Data Colleetiun Methodology. This table
follows each component of the proposal, defines the monitoring paiameters and data collection
approach as they are defined in the project description, and defines the tools used for data
evaluation.

We intend to integrate CALFED reporting requirements and additional research updates
into our project in a way that will ensure that a/~ interested parties are kept informed about the
progress of this research and that research outcomes are made widely available. Progress reports
will be sent at the close of major stages oftha research, such as the feeding preference s~dy,
behavioral experiments, ~tc (see attached quarterly task schedule). These reports will be sent to
the Marine Science Institute, to the Santa Clara Water Valley Distdct and affected counties, to
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lathes’ted government agencies such as the Department of Fish and Game and the US Fish and
~’ildlife Service) to fisheries, and will also be made available to CALFED.

Feedback from all parties involved in and affected by this research will be ~ncorporated
into th~ ev’al~ation and presantarion o£ research. Our laboratory will take edvantage o f the
expertise represented in the Chinese mitten crab proje~ workgroup to sol,tit reviews and
critiques of methods, analysis and presentation of the data.
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Table 2. Monitoring and Data CoIlention Methodology:

I) Biological and ’Ecological Objoctives

Hypothesis/Question to be evaluatedMonitoring Parameter(s) and Data Data Evaluation Approach Comments/Data Priority
Collection Approach

What is the distribution and -Five core field stations, sampled monthly, -Sex identification andabundance of the Chinese mitten crab fifteen additional field stations, sampled-Spreadsheet Soft:warn for collection reproductive maturity
in San Francisco’s South Bay? quarterly and analysis of distribution, will be determined as

-Morphological measurements will be abandance and morphology databasedescribed in Panning
taken with calipers (JMP, Excel) (1938)
-Baseline distribution survey, all major -Modeling software for population
South Bay tributaries dynamics (STELLA, MATLAB)
-Mitten crab size, sex and maturity
parameters collected at each site
-Crabs collected for gut content analysis
will be immediately preserv~ in
70%EtOH and transper~ed individually in
museum jars back to the ab

What are the habitat preferences of -Co lection of physical/ecological -Sm transects at each core sight will
the Chines~ mitten crab in freshwater paramaters: b~ cbuscn randomly
systems and how do these preferences-DO (DO meter) -Same sot~ar~ as above for
determhte impacts to hanks and -Salinity (Salinity meter) collection, analysis and modeling of
levees? -Streamside vegetation (identification data in relation to mit~n crab

: keys) population dynamics
-Bank substrate(pebhle count)
-Bank angle (measuring tape, protractors)
-Collection of burrow abundance and

I distribution, 5m sampling transec{s,
burrow densities and sizes recorded



Is the Chinese mitten crab affecting -Growth ret¢ experiments: measurements-Multivariate statistical techniques, Tagging metkeds will b¢
populations ofcommercially-valnabte ! of carapace width, length, and weight or"analysis condueted, methods compared for efficacy
invertebrate species? crayfish and crabs in enclosures; following Feminetla and Resh (! 989)b¢twecn pleoped

m*asurements and tagging of crayfish notching and carapace
outside of grovah rate cages (Equipment: cautgrizafion (M Pinheiro
Rebut, Nylon mesh and ehlekan wire, pots comm)
calipers, scales, equipment for crayfish
pleopod marking)
-Behavioral experiments: studies of -Interspocifie interactions scer0d and
interspacifle aggression and dominance analyzexl using m~hods defined by
(Equipment: aquaria and aquaria supplies,Bjovberg 1970
substrate, shelters (PVC piping, terra ¢otta
pots))
-Crayfish and Shrimp industry surveys toI -Qualitative survey data will be
¯ sscss d~e to he,vest ~nd numbers or" compiled ~d essessed, qu~litafive

i mitten c~bs h~rvested survey d~ta will be compiled and
~n~l~zed usin~

~s [he Chinese mi~t~n cr~b -Gut content aanlysia: museum.jars, -D~ an~b, zed for percentages of
substantially ~tering 1o~1 food ~eb~, 70%]~H~ di~s~ ~g m crosco~es~ sc~.¢s t~m~i~ ~oups i~e$|e~ ~in~
~nd ff so. wh~t espccta o~thc food ! -~eod peet’ere~c~ studies: ,F’cdeemo~es Excel
web ~re bein~ ~ff’~crcd? ~o~ det~’itus, vegetation and ~qu~tic -ST~LLA or equiwlcm prapmm for

in~-ct~ collectad fi-om South E~ay ~nd mufflv~ri~e smtisUcs wi~! be used
Sonom~ c~e~ 26 ~e~’ia~ sc~|es, ca).ipe~s -~ul.tiv~riete analysis using methods

n~ Pe~rano ~d Reanud(1989) ~nd



Local Involvement:

The following cotmties have been notified of the project: Michael Lopez, planning office
manager, Santo Clara County, and the Environmental Advisory Comndssion of the City of
Sonoma, Sonoma Coumy. Please see aL~ached lettars for details of these notifications.

We have a working relationship with the Marine Science Institute (MSI) and a let¢er of
their supporl for this proposal is attached. The Santa Clara Water Valley District has bean
notified of and has approved access for this project. As our laboratory is in the pracess of
finalizing this relationship for the duration of this project, confin’nation ofnotffication and access
may be sceured by contacting Miles Mahoncy at the Santa Clara Valley Water District at
(408)265-2600 or at milesmab@scwvd.dst.ca.us, At this thne. we do not ~liev¢ tha~ our
research will affeet private landowners. If our laboratory d~teradnes that sights should be
surveyed and need to be accessed that are held privately or by corporate landowners, we will
contact these groups and secure permission prior to attempting access to these areas.

As discussed in th~ Monitoring and Data Collection section above, our proposal includes
provisions for updating all affected and interested parties regarding our research. Both interim
reports and the final report will be made widely available to nonprofit organizations, indusu’ies
and government agencies.
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Cost:

Total budgeted cosr~ requested f~om CALFED broken down by specific task and by
quarter are incinded as Attachment 7 nf this proposal

Budget j~tificat~on~ for each component of buddied tasks are as follows:

Salaries and Wages:
The prindpal investigator’s wages end ~¢nefits are ant inchided as part ofth~s groat

request. The principal investigator will donate his time for oversigl~ and involvement in this
proposal. The wages for the principal investigator are thus calculated as non-CALFED support
in this budget.

Wages and benefits of the graduate s~dent and undergraduate student researchers are
calculated based on standard University of Caiif~mia position wages. Benefits for the graduate
student researcher are calculated based on standard University of California graduate benefit

Supplies:
Supplies have been allocated based on equipment t~eded per task and per quarter.

Supplies have been calculated based on costs calculated in attachment 7b: Estimated Costs of
Equipment.

Travel:
Travel has been calculated based on estimating the mean distances betw~n the campus

of the University of California end field sites dascdbed in this proposal. Travel reimbursement
r~te was calculated based on University of Caiifomia reimbursement rate of $.31/mile.

Schedule:

Please see attached quarterly task schedule (Attachment 4) for a breakdown of taaks by quarter.
Salaries are paid by the University on a monthly basis. Equipment and mileage reimbursement
are repaid on a quarterly basis by the University to the principal investigator and his students
based on expenses claimed for that quarter. Given these fuading mechanisms, en opportu~ty
exists to fund th~s proposal incrementally, but University administrators will need to discuss
these arrangements further should such a funding schedule be necessary.

Cost-Sharing:

The ordy cost-sharing that is a part of this proposal is the University funding of~e principal
investigator’s comraiUnent to this project. These wages are calculated accordingly as non-
CALFED support in the attached budget (Attachment 7).
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Applicant Quafificat~on$:

This res~atuh "~II be conducted under the direct management and supervision office
principal investigator, professor Vincent Resh. Please see the attached curriculum vitan and
selected publications (Attachment 3) to review the principal investigator’s qualifiea.tions for this
research proposal.

Deborah Rudnick will be the primary graduate student researcher for this proposed
project. M~. Rudnick is a first-year doctoral student in the Environmental Science, Policy and
Management program at U.C. B~rkeley. She recdved l~r BA in Biology from Brown
University. Ms. Rudniek has over three years ofprofeesional experience in the fields of
behavioral ecology and natural resource management. She has also held s~varal professional and
volanteer positions managing programs and volunteers and writing reports and publications. Her
computer sells include extensive experience with word processing, spreadsbe~t and data
analysis programs. Her responsibilities will include data collection and analysis, r~aort
preparation and oversight of undergraduate and volunteer staff involved with this proposal.

Leah Rogers will be the initial graduate student working with this proposal. Ms. Rogers
will be a senior in the Envkonmental Science program at Berkaley. She has completed extensive
coursewurk in ecology and natural resources, and has research experience working with data
collection and report preparation. Ms. Rogers will be primatily involved in the gut content
analysis and feeding preference studies under the supervision of the graduate student reeearcher
and principal investigator.

Additional undergraduate students will be hired subsequent to Ms. Roger’s completion of
these projects. Applicants will be reviewed on the basis of relevant cotureework, in¢~re~ and
experience and supervised by the graduate student researcher and principal investigator.

We do not believe there are any conditions such as altematiye funding sources or alher
University commitments that indicate a conflict of interest regarding this research proposal.

Compliance with Standard Forms and Conditions

Forms disseminated by the CALFED proposal, Allachments D and E, are included bel’find
proposal a~achments 1-7.

16
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Attachment 1

Overall Distribution of the Chinese mitten crab throughout the Bay-
Delta Ecosystem (1997).

Reprinted with permission from the Califonda Dcpt offish aad Game.
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Attachment 2

Map of the location of primary field research
(USGS Map, 1:100,000 scale)

Tributaries where field research will occur are highlighted: Core
monitoring sites are starred*

*Monitoring site locations:
AIviso Slough: Alviso Slough at Tasman Rd, Alviso Slough at 237
Guadalupe Slough: Guadalupe Slough at Tasman Rd, Guadalupe Slough at
Baylands Park
Stevens Creek: Stevens Creek at Cdttenden Rd
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Attachment 3

Curriculum Vitae and Selected Publications of the Principal
Investigator
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Attachment 4

Proposal Quarterly Task Schedule
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Summer 1999Fall 1999 Winter 1999 Sprinl~2000 Summer2000Fall 2000 Winter2000
Monitor Monitor Monitor Monitor Monitor Monitor Monitor
distribution distribution distribution distribution distribution distribution distribution
Baseline Field Bank Impact Bank Irapact
distdbutlon enclosures - Assessment Assessment

South Bay and
Delta

Food Food Food Crayfish Lab Crayfish Lab
preference preference Jreference .interactions- interactions

Adult-Adult Adult-Adult
Gut Content Gut Content Gut Content Gut Content
Anal~’sis Analysis Anal2csis Annie, sis

Surveys to Analysis of Surveys to
Crayfish Landing Crayfish
industr~ Receipt Data industr7Spring 2001 Summer 200I Fall 2001 Winter 2001 Spring 2002

Monitor Monitor Monitor Monitor
distribution distribution distribution Distribution Data Anal),sis

Field [ Bank impact Bank impact Prepare
Enclosures- assessment assessment Report
Bay and Delta

Crayfish Lab Publish and
interactions Disseminate
Adult-Juvenile Findings
Juvenile-
Juvenile

Analysis of Surveys to
MSI Trawl Crayfish
Data industr~



Attachment 5

Letters of Support and Notification:

Marine Science Institute
City of Sonoma

Santa Clara County
Santa Clara Valley Water District
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MARINE
SCIENCE
I N S T I T U T E D,scov R, 

Yh~ Ma~ne Scie~c~ ].stitut~ is ~t~g n ~tmng ~uppo~ f~r Professc~ Vincent ~s~
applic~ton for ~ndi~ snde; th~ 199~ C~D propo~ solicitation. We b~lJeve that ~e
of ~e t~s labo~m~ h~v~ ~nd ~ll ¢ominu~ to pfoduc~ impon~ ~o ~mion red.dog the
en~tonment~ h~ahh of our bay ~cosyst~ms ~d tke fis~ to ~ese eco~stems ~om in~iv~
species,

Our arga~tion has worked closely ~th Professor Resh ~d m~bers oft~s ]abom~o~
o~ the ~oducti~n of the Chinese mizen ~rab into south~ S~r~n~s~o Bay S~e 1~6, we
have s~re4 our labor ~d equipm~t ~ Professor ~sh to hglp gather trawl dat~ on the
dlstribudon ~d abundance ~th¢ ~t~ crab in ~he ~outh bay. It is our intention to ¢ont~u~
s~r~n~h~ ~s r~htic~hip ~th Professor Resh and ts laborato~ ~ order to �ontinuz to
~nera/e research and awareness regarding tNs species ~d its impa~ on th= h~th of San
~nvisco Bay. W¢ haw a~ed t~ s¢~ as a r~sourc= for ~ontinu~g rese~ch, md ~11 pro~d~
such resou~es ~ a pan of the ~ons descdb~ by ~s proposal, so that ~e ~s oft~s
on ups~e~ ¢¢o~st~s c~ be li~d to their ¢c0[o~ in the bay.

The res¢~ch ¢onduo~ed by Professor gesh’s laborato~ is consistent ~th our ~ssinn
K-12 environmental education ~d mo~tori~. T~ough our ¢~oKg i~d ~e ~o~$ of Professor
Resh’s lahorato~, we believe tha¢ this research ~11 hdp r~se public a~eness and ~o~ policy
and mm~gemeat pro~sslon~ls red.cling the ecolo~, impacts and comrol of Mv~siv¢ species
the S~ Fra~is~ Bay ~d Delta ecosystems We ~11 cvntinue to p’.ace our ~lI support
Professor iesh’s r¢search, amd we hope that you will do the same.

efford
President
~n~ Science ~sti~te

PS. Our web,ire ~s ~t
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UNIVERSITY OF CALIFORNIA, BERKELEY

April 8, 1999

City of Sonoma
Environmental Advisory Commission
No. 1 the Plaza
Sonoma, CA 95476

Dear Advisory Commission member:

I am contacting you about a proposal to conduct research that would take place in the city
and county of Schema. Inm a Berkeley student spplyi.ng fur a CALFED Bay-Delta
grant for ecologicai research under the pdaniple investigator Professor Vincent Resh of
Berkeley. I will be examining the diet and feeding preferor~ces of the Chinese mitten
crab (Eriocheir sinensis) with emphasis on effects of this species on the endangered
California freshwater shrimp (Syncarispacifica), This research will help assess the
impact of this recently-established invasive species on the ecosystem and management
strategies designed to limit its population.

I will be collecting specimens of the Chinese mitten crab, and any data necessary for this
project from Sonoma Creek at public access areas. I will not be collecting or using acrtud
specimens of the California freshwater shrimp in my experiment. 1 have obtained all
necessary permits for scientific collection of injurious wildlife from both the California
Department ofFish and Game and the U.S. Department offish and Wildlife,

I do not intend to disturb Sonoma creek or its surroundings in any other manner. I hope
that you will support this research project, as it has widespread implications for future
decisions regarding the Chinese mitten crab, I thank you in advance for your
cooperation. If you have any questions, please call or emall me directly.

Sincerely,

Leab. Rngers
University of Califemia, Berkeley
windnsea@uelink4.berkeleT.eda
(510) 665-424!?

Cc: City of Sonoma Planning Commision
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UNIVERSITY OF CALIFORNIA, BERKELEY

Apd] 7, 1999

Michael Lope’z, planning oi~ce manager
Santa Clara County Planning Office
70 West Hedding Street
San Jose, CA 95 l 10-1705

Dear Mr. Lopez:

I am writing to contact you regarding our interest in conducting research in Santa Clara County to
begin this summer. I am a graduate student in the laboratory of professor Vincent Resh at the
Urdversity of’California at Berkeley. Our laboratory has over the past three years been involved
in a study to monitor the abundance trod dislribution of the Cl’tthese mitton crab, a recently-
established non-indigenous crab that inlutbits the the rivers and estuary of the South Bay.

Research anndueted over the past few years has been conducted with the approval of Santa Clara
Water Valley District, and we are again in contact with SCWVD in order to ensure that our
proposal is in line with. their needs and management responsibilities.

We wanted to take this opportunity to inform the county ofons proposal to do research, and to
invite any questions or commentary on our plans. The research will take place within the major
tributaries to the South Bay in Sunny’vale, San Jose and Miipitas. We will not alter the physical
habitat of the s~eams. We do intend to collect Chinese mitten crabs f~om these streams under
appropriate permits from the state and federal government.

If you have a~y questions or would like to review a copy of the propbsal we will be submitting to
CALFED for f~nding consideration, please do not hesitate to contact me. Than.k you for your
time, and I look forward to hearing from you.

Sincerely,

xDc.bbie-Rudm-ck       --

510-642-6315
drudaiek@nature.berkeley.edu
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UNIVERSITY OF CALIFORNIA, BEI~KELEY

March 2, 1998

Dear Mr. Mahoney:

Per your request, I am writing with my proposal to conduct research in the Santa Clara
Water Valley District on the abundance, distribution and impacts of the Chinese mitten
crab on riparian systems. I am a graduate student at the University of Califorrda at
Berkeley, and my lab holds a grant to study the ecology and impacts of this non-native
species. The opportun~ity to access the river systems of your dish’ict will be invaluable to
the success of our research. I hope that my work will be compatible with your agency’s
mission and expectations.

I. Type of Work:

Research will be conducted to monitor the abundance and distribution of the Chinese
mitten crab, Efiocheir sinensis, throughout the South Bay. Observations and sampling
ot~ crabs will occur throughout several stream systems in the SCWVD. At this time, we
are considering approximately 20 sampling stations for data collection. In addition,
baseline sampling of benthic biota and physical data will be coliected will be conducted
in order to examine impacts of the mitten crab on river communities and bank stability.
We also propose to install a series of cages for use in growth rate experiments with the
mitten ~ab an freshwater crayfish. It is our hope that SCWVD wili discuss with us
concerns and options for siting this equipment.

IL Timeframe and length of study:

Based on agreement regarcting this proposal, activities are planned to begin in April and
continue throughout the remainder of this calendar year. Site sampling will occur once
per month surrounding a daytime low tide, with occasional additional sampling of
overall macroinvertebrate distribution and nocturnal observations of crabs to monitor
diel behavioral changes. At this time, we are seeking funding to continue this research
on a long-term basis, so there is potential to continue monitoring sites for an additional
2 to 4 years.

I]I. Number and Age of researchers:
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At this time, myself, Professor Vincent Rash- our princlpal investigator and laboratory
head- and one undergraduate research assistant are planning tO conduct these studies.
Occasionally, colleagues will accompany us to provide input. All individuals involved
will be over 18.

IV. Access:

Most sites will be accessible by foot. However, there are some sites where the
opportunity to park in or at SCWVD gates would make access easier, so this access is
something I would like to be considered for/discuas further.

V. Location:

Please see attached map. At this time we would like to do further exploratory studies to
get a sense oE distribution of the population before confirming all sample sites. At this
point, we have a few sample sites that are conf’n’med for continuous monitoring
starred areas on map).

VI. Report Availability:

We will certainly make whatever information we get available and will happily discuss
with you how to present this in a manner most compatible with SCWVD’s needs.

Thank you for your consideration.
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Attachment 6

Permit for collection and retention of the Chinese mitten crab
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DEI~ARTN£NT OF FISH AND GAHE
1998 SCIENTIFIC COLLECTING PERNITAPPLICATION

J PERMIT MUST BE iN IMMEDIATE POSSESSION WHILE
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Attachment 7

Proposal Budget
Breakdown by task and by fiscal quarter
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~raduafe Student Re~earc~r (I)
($2,344: Z391; 2,439 x 10 months @ ~) 11,7~ 11,955 12.195 35,870
($2,~4; ~391~ 2,439 x 2 mos x 1~) 4,688 4,782 4,878 14,348

_ab Assistant I
($10.~9; 10.39/hr x 12 m~ x ~) l O.~B 10,847 21.485
(SlO.~/hr x 12 ~nths x 25%) 5,533 5,533

-- ~.L @ 17% 2,~} , 2,311 2,427 6,939
I

~ GSR @ 3% (~mmer) 141 143 1~ 430
3SR-SHIP ~ 483 507 1,4~

~ ~ubtotal G~ 4,713 4,939 5.178 ~ 4.830

~b~b~ BenefiJs 5.032 2.2~1 ~.264 2.311 5,3~ 2.427 15.64~ 6,939

]upplies [~e~ and lab supplies} 3,22~ 2.24~ 1.~00 6.965

rr~el
r~s to ~n Jo~, Tracy, ~no~

r,~ to M~ (~ ml @ $0.31/mi) 25 25 25 75

tOTAL Dl~ COSTS 36,723 15, I ~ 36,663 I ~,905 30,638 16,701 I ~,024 47,754

INDI~CTCOS~ ~50.4% MTDC 16,281 ~      7,~5 ~     16,139 8,016 12,986 8,417 ~,405 24,~

faTAL REQUEST ~3,0~ 22,7~ ~ 5~,8~ 23,~I 43,624 25,118 149,429 71,8~
~ote: ~lfled tof~ direct ~s~ = total cos~ - GSR-SHIP and GSR-Fee Remi~l~





4/; 3/99 Gront Bud(;lets,~Js ~or~er~-yeo~ I

7/I/~-61~/00 July - ~pt Oct-Dec ~n-~r Apr-June TOTAL

Vincent H. Resh, P,I. @ l~for 12 ~s 3,236 3.237 3,237 3.237 1~947

G~ad~te S~ent Re~rcher (1)
[$2,3~ x I0 ~nlhs @ ~) 2.344 3.516 3,516 2,344 11.7~
($~344 x 2 mosx 1~%] 2,~ 2,344 4,688 ’

.ab ~istant I (1]
~1~, T~r x 12 mos x ~) 2,659 2,~9 2,~ 2,~ 10,638

~ub~ ~es 7,~7 3,236 6,175 3237 6,176 3,23~ 7,348 3,237 27,~ 12,947

tenetil~
~.1. @ 17% 5~ 5~ 551

71

5~ 2,201

~SR @ 1.3% (academic year) 30 46 46 30 152
~ @ 3% (sure.r) 70 0 O 141
~-SHIP 230 2~ 460

;ubtotal G~ 1~ 2.2~ 2.2~ 101 4,713

.ab H~lpers 3% 79 80 I ~ 80 319

~pp~es ([~d and lab ~pplies) 1,230 810 810 375 3,225

"~el
rips to So~ Jose, Trocy, Sonora (~ 25 mi @
~0.3 ]/~i) ~5 ~ 232 ~33 ~,395 :
"rips to M~ (80 m~ @ $0.31/mi) 25 25

~ublo~l Travel ~ 4~ ~ 232 2~ I A20

’OTAL REQUE~ 9,221 3.786 9,811 3,78~ ~ 9,554 3,788 8,137 3,787 36,723 15,148



4113/99 Grant Budgets.xls Quarters-year 2

__ 7/1100-6/30101 July - ,Sept Oct-De~ Jan-Mar Apt-June TOTAL

~nceni H. Resh, P.I. @ I~ for 12 ~s 3.398 3,398 3.399 3.39~ 13,694

~r~te S~udenJ Researcher (I)
(32.391 x I0 ~n~ @ ~%) 2,391 3,5~ 3,587 ~391 I
($2,391 x 2 mos x I~%) 2,391 ~391 4,782

Lab Assi~anf I (I)
($I0.39/hr x 12 mos x ~} 2,71 ~ ~712 &712 2.712 ~0,~7

Ben~its

GSR @ 1.3% (academic year) ~ 47 I 47
gSR @ 3% [~umme0 72 O I O 71 143

~ubtotal GSR I ~ ~367I ~ 368 102 4,939

Lab Helpe~ 3% 81 81 81 82 325
Sublolal Benefi~ I~ 517 2,~ 578 2,~9 578 I~ 578 5,~4 2,3~1

Sup~ (fleM and ~ s~p~les) I,~0 ~0 410 4~0 2,240

~0,31/ml] 698 3~ 232 232 1,~
hips to MSI (~ mi @ $0,31/ml) 25 25

~ubfotal f[~el _ . ~8 413 232 232 1,575



4/t3~ Gran~" BudQ~,x~s Quarters-year 3

71~10~ ~I~102 J~y - Sept Oct-Dec Jon-Ma~ Apr-J~e TOTAL

Vincent H. R~sh. P,I, @ 1~ f~ 12 ~ 3,~8 3,~ 3,~ 3,~9 T4,274

~raduate S~nt Rese~cher (1)
(~439 x 10 months @ ~) ~439 3,658 3,6~ ~39 12,195($2,439 x 2 mos x ~) ~439 2,439 4,878

Lob ~fstant I (1)

Benefi~

GSR @ ~.3% (aca~ year) 31 48 48 32 t59
GSR @ 3% (summe0 73 73 i46GSR-SHIP 2~ , 254 ~7

Subtotal GSR 1 ~ 2,484 2,485 105 5,178

L~ ~pe~s 3% ~ ~ 0 0
~ub~al B~nefit~ ~87 6~ 2,567 607 2,485 607 105 607 5,3~ 2,42~

~pp~ies (field and la~ supp~) 1’,~0 25~ 250 T,~O

h;ps to San Jose, Tracy. 5onoma (~25 mi @
~.3]/mi) 698 233 232~ 1.163
trips lo MSt (80 ml @ $0,31/mi) 25 25
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Attachment 7b:

Estimated costs of equipment
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Sheetl

Estimated Costs of Equipment

Item Quantity price per Item $ Total Price $

Shdmp (Palaemoeatas spp,) I 300 0,75 225

Aquadum tank. (20 gallon) 4 60 240
Aquahum aceeasodes (nets, filters, subst~tes) $500
Waist-high waders I 2 60 120
aquatic nets

!

2 20 40
Replacement costs for wear and tear:
Measuring equipment $3,000

-- PresematJon and Diseactinr~ equipment $500
Enclosure and Tagging Equipment $1.500

I TOTAL 6965

Page I



Author~ed ~ Local Repmduc6on
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SECTION C - NON-FEDERAl RESOURCES

SECTION D - FORCASTED CASH NEEDS

SECTION E- BUDGET ESTIMAIES OF FEDERAL NEEDS FOR BALANCE OF THE PROJECT

SECTION F - OTHER BUDGET INFORMATION

21. Direct Char~es: None is out of the ordinar,/ 22. Indirect Char~es: 50.4% MTDC

23, Remarks MTDC = $32,303



reducing this burden, to the Office of Management and Budget, Paperwork Reduction P~ojec110349-9040), Washington, OC 20503.

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.

ISEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

is the case, you will be notified.

1 Has the legal aulhority to apply ft~r Federal assistance A~I of ]=a73, as amended 129 U.S.C. §794}, which
and the Insritutional, managerial and financial capability prohibits discrimination on the basi~ of handicaps; (d)

of project cost)to ensure proper planning, management U.S.C §§6101 6107), which prohibits discrimination
and completion of the project described in this on the basis of age; (e) the Drug Abuse Office and
application. Treatment Act of 1972 (P.L. 92-255), as amended.

relating to nondiscrimination on the basis of drug
2. Will give Ihe awarding agency, the C~mplroller General abuse; (I~ the Comprehensive Alcohol Abuse and

of the United States and, if appropdale, the State, AIcoholis~n Prevention, Treatment and Rehabilitalion
through any authorized repreeenta6ve, access to and Act of 1970 (P L. 91-616), as amended, relating to

documents related to the award; and wilt establish a alcoholism: (g) §§523 and 527 of the Public Health
proper accounting system in accordance with generally Service Act of 1912 (42 U.S.O. §§290 dd-3 and 290 ee
accepted accounting standards or agency directives. 3), as amended, relating to confidentiality of alcohol

and drug abuse patient records; (h) T~Ue VIII of the
3 Will establish safeguards to prohibit employees from Ciwl Rights ACt of 1968 (42 U.S.C. §§3601 et seq.), as

presents the appearance of personal or o~ganizalional rental or linancing of housing; {i) any other
conflic~ of interest, or personal ga~r~ nondiscdminarior~ provisions in the specific statute(s)

4. Will initiate and complete the work within the applicable m~de; and, ~j) the requlrements of any other
time frame after receipt of approval of the awarding nondiscrimination ~tatule(s) which may apply to the
agency, applicalicn

1970 (42 U.S.C. §§4728-4763) telaling to prescribed requirements of Titles II and III of the Uniform

Appendi× A of OPM’s Standards lora Merit Syslem of fair and ~quitable treatment of persons displaced or
Personnel Administration (5 C.FR. 900. Subpart F). whose p~opert~ is a~ui~d a~ a ~e~ult of Federal or

Iederally-a~sisLed programs. These requirements apply

(a) Title VI of the Civil Rights Act of 1964 (P.L. 88-352) purchases.
which prohibits discrimination on the basis ~f race, color
or national origin; (b) Title 1~( of the Education 8 Will oomply, as applicable, wilh provisions of the
Amendments of 1972, as amended {20 U,S.C. §§t681- Hatch Act (5 U.SC. §§15(31-1508 and 7324-7329)
1683, and ~685o1686), which prohibits discrimination on which limit the political activities of employees whose
the basis of sex; (c) Section 504 of the Rehabilitation principal employment activities are funded in whole or

in part wilh Federal funds
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205).

SIGNATURE OF AUTHORIZE D-C.~ F~TIFYING OFFICIAL TITLE

DATE SUBMITTED

The Regents of I:he University of California                   April 14, 1999

I --01 9758
1-019758



Attachment D
Terms anti Conditions for State (CALFED) Funds

This section provides contract terms and cor~ditions applicable to contacts issued under State (CALFED)
funds. The specific terms and conditions may vary, depending on the applicant category (State entities,
Federal and other public entities, non-profit organizations, and private entities), and the type of project
(Public Works/Construction or Services}, as identified in Table D 1. Specific documenta that should be
submitted with the proposal are shown in Table D-I.

The general terms and conditions which will apply to Category Ill contracts t\mded with Proposition 204
funding are provided below.

In addition to these general tern3s and conditions, specific additional standard clauses will b~ applicable
depending on the type of project and applicant category Table D-I provides a summary, o£those
standard clauses for different types of projects and different applicant categories. Those standard clauses
are provided at the end of this attachment.

I Term of Contract: The term of the agTeement will be dependent on the project and may range
from I to 3 years. The a~’eement shafi not become effective until fully executed by the parties and
approved by the Department of General Services

2. Payment Schedule: No funds will be disbursed by SLate or National Fish and Wildlife Foundation
0’qFWF) to Contractor without I) an executed copy of the Contract, 2) receipt clan original invoice
with supporting documentation, and 3) receipt and satisfactory completion of deliverables and/or
phases of xvork as set forth in the agTeement, including quarterly financial and programmatic reports.
Payments shall be in arrears within 30 days of receipt ~ f invoice by CALFED.

3. Budget Variances: Variances which exceed ten percent of a project task’s approved budgeted
amount should have approval in advance, with written explanations of programmatic changes to
cover such variances but must remain within the maximum contract amount.

4. Subcontracts: Contractors are responsible for all subcontracted work. Subcontract terms and
conditions must include at[ applicable contract terms and conditions as presented herein.
Subcontractor agreements require approval by the State or NFWF, unless the subcontract was
included and approved as part of the main proposal. Any amendments to subcontract must be
approved by the State or NFWF. In obtaining subcontracts, contractor must obtain at least 3
competitive bids for all subcontracted work, or comply with the provisions of Government Code
Section 4525 et seq., if applicable, or submit written justification for and obtain the State’s or
NFWFs approval of non-compliance with these requirements.

5. Substitution; Should the State or NFWF be dissatisfied with the w6rk of subcontractors or
employees of the contractor, the State or N~zWF may require the contractor to substitute different
qualified subcontractors or employees. The State or NEzWF must approve such substitutions in
advance of providing applicable services.

6. Conflict of Interest: Contractor shall comply with all applicabIe State laws and rules pertaining
to conflict of thterest, inc]uding but not limited to Government Code 1090 and Public Contract Code
10410 and 10411.

7. Standard of Professionalism: Contractor shall conduct all work consistent with the professional
standards for the industry and type of work being performed under the contract,

8. Rights in Data: All data and information obtained and/or received under contract shall he in the
public domain. Contractor shall have the right t~ disclose, dlsseminata and use, in whole or pan, any
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final form data and information received, collected and developed under this a~reemem, subject m
inclusion of appropriate acknowledgment of credit to the State or N’F\VF, CALFED, and all c¢~st
shanng parmers for their financial support. Use of draft data requires pre-approval by State or
NFWF and CALFED Contractor shall not sell or gr’ant righ*s to a third party who intends m sell
such product as a profit-making venture

9. Indemnification: The Contractor ag:ees to indemnify, de~’end and hold harmless the CALFED
agencies, the State of California, the Resources Agency, Department of Water Resources, and
National Fish and Wildlife Foundation and their officers, agents and employees from any and all
claims and losses accruing or resulting to any or all contractors, subcontractors, material persons,
laborers, and any other persor~, firm or corporatiort furnishing or supplying work services, materials
or supplies in connection with the performance of this contract, and from any and all claims and
losses accruing or resulting to a~y person, firm or corporation wh~3 may he injured or damaged by the
Contractor in the performance of this contract.

I0. Independent Status; The Contractor, and the officers, agents and employees of Contractor, in the
performance of the contract, shall act in an independent capacity and not as officers or employees or
agents of the State of California, NFWF, CALFED Agencies, the Resources Agency, or Department
o f Water Reso urces.

1 !. Termination Clause: The State or NFWF may tenffmata this agreement and be relieved of the
payment of any consideration to Contractor should Contractor fail to perform the covenants herein
contained at the time and in the manner herein provided. In the event of such termination the State
or NFWF may proceed with the work in any mariner deemed proper by the State. The cost to the
State shall be deducted from any sum due the Contractor under this agreement, and the balance, if.
any shall be paid the Contractor upon demand.

12. Assignment: Without the written consent of the State, this agreement is not assignable by
Contractor either in whole or in part.

13. Integration Clause: No alteration or variation of the terms of this contract shall be valid unless
made in writing and signed by the parties hereto, alad no oral understanding or agreement not
incorporated herein, shall be binding on any of the parries hereto, This contract may be amended
upon mutual written agreement of the parties and approved by State or NFWF and CALFED.

14~ Consideration: The consideration to be paid Contractor as provided herein, shall be in
compensation for all of the Co~ltractor’s expenses incurred in the performance hereof, incinding
travel and per diem, unless otherwise expressIy ~o provided.

15. Dispute Resolution: Any claim that Contractor may have regardin~ the performattae of this
agreement including, but not limited to, claims for additional compensation or extension of time,
shall be submitted to the Executive Director, CALFED, within thirty days of its accrual, CALFED
and Contractor shall then attempt to negotiate a resolution of claim and process an amendment to this
agreement to implement the terms of any such resolution.

16. Time is of the essence in this agreement.
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State of Cali~’omia DEPARTMENT OF WATER RESOURCES The Resources Agency

Exhibit

STANDA~RD CLAUSES-
[NTERAGENCY AGREEMENTS

(Government Code S~ction

to f~l[y function before, at, ~md a~tcr the Year 2000 without inter’mptlon and, if applicable, with full ability

DWR 4187 (KEV. 1/99)
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NOTICE TO ALL B]I)DERS:

Section 14835, et. seq. of the California Government Code requires that a five percent
preference be given to bidders who qualR’y as e sinai| business. The rules and regulations
ofthls law, including the defLnition efa small business for the delivery of service, are contained
in Title 2, California Code of Regulations, Section 1896, et. seq. A copy of the regulations is
available upon request. Questions regarding the preference approval process should be
directed to the Office of Small and Minority Businsss at (916) 322-5060. To claim the small
business preference, you must submit a copy of your certification approval letter with
your bid.

Are you claiming preference as a small business?

Yes* No

*Attach a copy of your certification approvsl letter,
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U.S. Departmen[; of the Interior

Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requirements and Lobbying

Persons slgnlng this form should refer 1o the regula~ions cerg~cat{on Regarding {::lebar~ent. Suspension. Ineligibi~ty

Certil~cation Regardin9 Debarmenl. Suspension, and Other (See Al~.pendix B of Subpart D of 43 CFR Part 12.)

prospective primary participant furthe~ agrees by Alternate I. (Grantees Other Tl~,an Individuals) and Al~ernale
submithng this propos=l It, at it will include the clause II. (Grantees Who are Ind~k~uals) - (Sea Appendix C of
titled, "Certification Regarding Debarment. Suspension, Subpart 0 of 43 CFF~ Par{ 121
Ineliglb{llty and Voluntar~ Exclusion - Lower Tier Covered

entering into this covered transaction, without certification requiremen~sunder 43CFR Pads 12and 18. The

and sign: or use Degartmenl of the Inledor Farm 1954 (DI- grant, cooperative agreement or
1954). (See Append{x A of ~ubpad D of 43 CFR Pad

PART A: Certification Regarding Debarment, Suspension, and Other Responsibility Mailers.
Primary Covered Transactions
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ennployees for violagon of such p=’ohibitJon:

(b) Establishing an Gng~ing drug-free ~a~eness pr~ram to inform employees a~ut-
(1] The dangers ol drug abuse in ~he w~rkp~ce;
{2) The grantee’s po]i~ of main~ainlng a d~g free ~rkplace;
(3] Any availab~ drag ~unselin9. tehab~l~atlon and employee asslstan~ p~mms; and
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April 14, 1999
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